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@ Corrosion resistinsr alloy and corrosion resisting member. 



@ A corrosion resisting Ni-base alloy containing 38 to SO wt% Cr. 0.1 to 2 wt% of at least one of Mo and W, 0 
to 2 vrt% Cu, 0 to 3 wt% Zr. 0 to 3 vrt% Nb. 0 to 3 wt% Ta. 0 to 3 wt% Hf, 0 to 0.01 wt% Ca. 0 to 0.01 wt% of Y 
and other rare-eartti elements, 0 to 0.05 wt% C. and 0 to 0.04 wt% N. The altoy can be subjected to plasfic 
woridng such as rolling, wire stretching, drawing or the like. The alloy can be used in a dipping equipment such 
as a dipping bath or a bucket, in agitating members within Vne dipping bath, and fiirthefisfn pipes, valves, pump 
components and electrode members used in a conosive atmosphere. 
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CORROSION RESISTINQ ALLOY AND CORROSION RESISTiNQ 



BACKGROUND OF THE INVENTION 



5 The present invention relates to a Ni-Cr alloy member having excellent corrosion resistance and 
excellent tiending worfcatMiity. The alloy member is suitable for constituting a dipping equipment repre- 
sented by a dipping bath, a dipping jig such as a bucket an agitating instrument or the lOte within the 
dipping bath, and a pipe, a valve, a pump component or the lite. 

The inventors of this application have found that, because of the conrosion resistance and the excellent 

TO vrarkabiKty. the alloy according to the invention is not limited merely to the dipping equipment but reveals 
remarkable advantages In application also to. for example, an electrode of an eiectrolytk: polishing 
apparatus or other electrodes exposed to corrosion atmosphere. The inventors also recognize that the dtoy 
according to tiie invention is not limited to the atx>v6 applications, but is epoch-making new one having both 
corrosion resistance and wortcabiiity. 

J5 Conrosfon resisting alloys are known, for example, from U.S. Patent No. 2.777.766 (Hastelfoy (3), U.S. 
Patent No. 3,203.792 (Hasteltoy 0-276). U.S. Patent No. 3.160.500 (Inconel 625). U.S. Patent No. 3.573.901 
(Inconel 690) and the like. However, any of these alloys are not sufficient in corrosion resistance. In view of 
ttiese circumstances, the inventors of this appHcation have devekiped an alloy improved in conro^on 
resistance, as disclosed in Japanese Patent AppRcation l.akl-Open No. 58-17247. However, the altoy 

20 devetoped by the inventors cannot be saki to be superfor in plastic workability, and is limited in applteation 
to cast material Further, Q£. Patent No. 1.281.597 has proposed a technk)ue of improvement in 
mechanical strengtii of a conroskm resisting altoy formed of a Ni-base alloy high in Cr. exposed to high 
temperatore. The present invention can be said to be a further improvement in a mechank»l characteristic 
of the alloy disdosed in tiie G.B. patent 

25. The inventors of this application have developed the altoy improved in corrosion resistance in Japanese 
Patent Application Laid-Open No. 58-17247. However, uses of the developed alloy are limited only to cast 
component parts. Accordingly, a conventional corrosion resisting alloy, which is insufficient in conrosion 
resistance, t)ut is excellent in plastic workability, in particular, in bending workability, has been used for a 
m«nber for whteh bending woridng is requred at manufactoring of ttie memtier. such as. Ibr exampto. a 

30 dipping equipment represented by a dipping bath, a dipping jig such as a bucket an agitating instrument or 
the tike wittlin the dipping equipment and a pipe, a valve, a pump component or the like, as well as an 
electrode of. for example, an electa-olyta'c polishing apparatus exposed to conoston atmosphere. 



35 SUMH/IARY OF THE INVEhfTION 



The inventors oi ttiis applfcation have perceived the fact ttiat when the content of the Cr is brought to 
38 to SO wt%. a Ni-Cr alloy fundamentally maintains a predetennined corrosion resistance while damages 
40 such as cracking or tfje like at woridng or processing are difficult to occur and, in addition ttiereto. when a 
solid soluble range of one or botti of Mo and W is 0.1 to 2 wt%. convsion resistance and plastic woricabiKty 
remaricably coexist within the range. 

Cu. together wifli Or. Mo artd W. has a function of improving conoston resistance of ttie altoy. However, 
the content of Cu exceeding 2% does not reveal a furtiier improvement in effect Accordingly, the content of 
45 Cu is detemiined to 2% or less. 

Further, the inventors of Uiis applteation have found that double fusion by the use of a vacuum fusion 
metiHxJ and an eledrosfeK) fu^on mefliod makes it possible to bring contents of re^Mctive C and N 
elements serving as unavoidable impurities, to a value equal to or less ttian 0.05 wt% for C and a value 
equal to or less than 0.04 wt% for N. In particular, damages of a member represented by "cracking" at 
so woridng high in degree of processing can remarkably be improved. 

Moreover, particular limiting of an amount of Cr to 43 to 47 wt% causes a precipitation amount of the 
alpha phase of the Cr solid solution to be restrained to a value equal to or less than 10% in area ratio, 
making it possible to secure ttie corrosion resistance and the plastic woricatHlity at a high level. 

Furihermors. Cu. Zr. Nb. Ta and Hf have conventionally t)een added by 1 to 3% by volume as principal 
elements, for ttie purposes of improving conosion resistance for Cu and woricabiiity for Zr. Nb. Ta and Hf. In 
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this invention, however, C is brought to a value equal to or less than 0.01 wt% and N is brought to a value 
equal to or less than 0.01 wt%, whereby excellent cono^on resistance and plastic workability can be 
obtained without addition of the principal elements referred to above. 

It has also tteen known that Y and other rare-eartfi elements improve the workability of the alloy. In Siis 
5 invention, however, a value equal to or above 0.01 wt% has not revealed furttier advantages or effects. 

Ca has advantageous in deoxidation and desulftjrization at dissolution and manufacturing of the alloy. 
However, if the content of Ca exceeds 0.01 wt%, the alloy is embrittled, so that damages tend to occur in 
the member after having been wori<ed or processed. 

Additionally, other than the elements mentioned above, the Ni-Cr alloy according to the invention 
10 contains, as unavoidable impurities. 0^ wt% or less Fe, 0.3 wt% or less Mn, 0.3 wt% or less Ti. 0.3 wt% Al 
and 0.05 wt% or (ess Mg. 



BRIEF DESCRIPTION OF THE DRAWINGS 



Figs, la and lb are schematic cross-sectional views showing alloy plates which are subjected to 
bending tests in accordance with JiS; 

Rg. 1c is schematic cross-sectkmal view showing alloy plate which is subjected to an additional 
so tiending test performed after the tending test as shown Figs, la and lb; 

Rg. 2 is a perspective view of a dipping jig for a dipping equipment, which is a first example formed 
of an alloy according to an embodiment of the invention; 

Rg. 3 is a pospecfive view of a buctot for flie dipping equipment whioh is a second element 
example formed of the altoy; 
25 Rg. 4a is a diagrammatic vertical cross-secSonal view of an ^itatcr having incorporated therein an 

agitating propeller whk^ is a fourth example fonned of tlie alloy: 

Rg. 4b is a view similar to Rg. 4a, but showing another aspect of the agitator having incorporated 
therein the agitating propeller; 

Rg. 5a is a perspective view of ttie el&Arotie formed by the clad memt»er; 
30 Rg. 9} is a view similar to Rg. 5a, but showing another aspect of tiie electrode formed by the clad 

member; and 

Rgs. 6 to 9 are photomicrographs of CToss-sections of alloy plates of the present invention, 
respectively. 

DETAILED DESCRIPTION 



Various examples of the alk>y according to the invention will be described ttelow. 

40 

[Examples] 

Rrstiy, molten metals of Hie alloy having a required compositions were melted by using a hlgh- 
45 frequency vacuum furnace, and cast in (fies to form ingot of 60 mm in diameter and 200 mm in length. 
Subsequently, the ingots were melted again by using device for melting electroslag, and each ingot of 100 
mm in diameter liaving composiiions shown iin Table 1 was prepared.- Each ingot was held at the 
temperature from 1150 to 1250* C for 10 liours to be homogenized and then subjected to hot casting and 
hot rolling at a temperature suitable for starting the hot operations within the range of the above-identified 
so temperature to form a hot rolling plate of 4 mm in thidmess. This plate was hekl at tiie temperature from 
1100 to 1200*C fbr 30 minutes to be homogenized and then subjected to cool rolling to form cod rolling 
plate of 2 mm in tfilckness. This plate was held at the latter condition to be homogenized, and thefeby 
manufacturing alloy plates 1 to 55 of the present invention, and comparative altoy plates 56 to 67. 

Note ttiat each of the comparative alloy plates SB to 67 had a composition in which the content 
55 (represented by.* in Table 1) of any of the components fells outside the range of the present invention. 
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Metallic structures of the alby plates 2. 8. 10 and 55 are shown in Figs. 6 to 9, respectively. Each of 
area ratios of the alpha phase of the Cr solid solution of the alloy plates as shown in Rgs. 8 to 9 was 
measured by instrunient for image analysis, that may be sold by Leitz campany in the name of TAS 
PLUS". The results are shown as follows: 





Content of 


Area Hatio of 




Cr 


Alpha Phase 


Alloy Mo. 2 


43% 


1% 


Alloy No. 8 


45.6% 


1 to 1.3% 


Alloy No. 10 


46.5% 


8% 


Alloy No. 55 


49% 


23% 



As seen the results, each of tiie area ratios of the alpha phase of the Cr soOd solution is restrained to a 
value equal to or less than 10% when the content of Cr of the alloy plate is at equal to or less than 47%. 

Subsequently, as for the alloy plates 1 to 55 of the present Invention and the comparative aUoy plates 
56 to 67. their extensions of a tensile test at a room temperature were measured to evaluate their 
formabilHies, espedalty bending properties. Also, the plates were subjected to a bending test in accordance 
with JIS or Japanese Industrial Standard, bending them 180* to bring one inner face of each t>ending plate 
into contact with the other inner face and theretiy detecting whether cracks appear or not on ttie bent 
portion of tiie plates. Then, ttie plates having no cracks after ttie bending test were subjected to an 
additional bending test, by which the plates were bent in tiie contrary direction to tfw fonner bending test to 
detect whettier cracks appear or not on the bent portion. 

According to JIS. the former bending test is prescribed as a test that the alloy plate 1 shown in Rg. 1 
<a) is bent as shown in Fig. 1 (b) to detect whettier cracks appear ornot on ttie bent portion. Also, ttie latter 
bending test is prescribed as a severe or hard test ttiat the alloy plate i bent by ttie former bending test is 
furthermore tient in a direction whteh is contrary to the trending direction of ttie former test to detect 
whettier cracks appear or not on ttie tjent portion. As for botti ttie fonner and latter bending tests, ttie 
results ana shown in Table 1. 

In TalJle 1, symbol " X " represents a state that cracks are appeared before altoy plates are completely 
bent and ttierefore ttie alloy plates cannot be bent by ttie former bending test Symbol ' O " represents a 
state that cracks are not appeared by ttie former bending test and ttiat ttiey are appeared by ttie latter 
bendng test. Symbol " @ " represents a state that cracks sn not appeared both the former and latter 
bencfingtest 

Furttier, to evaluate con-oskMi, ttie altoy plates were heki to dip in a mixed acid such as an aqueous 
solution of 17% HNO3 containing 3% HP at 60* C for 24 hours, and were heki to dip in a mixed add having 
composition whteh is contrary to an aqua regia or an aqueous solution of 55% HNO3 containing 8% HCI at 
60*C for 240 hours. The contents of ttie conoskm were measured by performing ttie dippings, and ttie 
results are shown in Tabto 1. 



Member Example 1 (Dipping Jig Example): 

A dipping fig shown in Fig. 2 was made of a rolled strip 5 of 3 mm in ttitok and a rod 6 of 5 mm in 
diameter made of ttie altoy of ttie present Invention, whteh consists of 46 wt% Cr. 1 wt% Mo. 1 wt% Zr. 
0.03 wt% C. OJOM wt% N and the remainder Ni. Tlie thus made dipping Hg serves as an sxemplifled 
member. Two kkids of typk»l alkiy composifions employed conventionally ware set as follows, and were 
likewise formed respectively into dippftig pgs. These two dipping figs serve respectively as comparative 
members. Hereinafter, the memlmrs corresponding to ttieir respective alloy composifions will be referred 
respectively to as "exemplified member", "comparative member A" and "comparative member B". 



Altoy A: 



23vrt%Cr.7wt%Mo.19wt%Fe.2wt%Cu, 1 wt%Ta. 1 wt% Nb, 0.04 wt% 0 and ttie remainder Ni 
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Alloy B: 

30 wt% Or. 10 wt% Fe, 0.03 wt% C and the remainder Mi 

5 These three kinds of dipping jigs were simultaneously dip in an aqueous solution of 20% HNO3 + 3% 
HF (60*C) for ten days and, tiiereafter. teduction amounts of the respective dipping jigs due to corrosion 
were measured. The reduction amount of the compsralive memter A revealed 0.71 mm/year, and the 
reducfion amount of the comparative memlier B revealed 0.^ mm/year. However, the reduction amount of 
the instant exempfified member revealed only 0.05 mm^ear. 

ro 

Memtier Example 2 (Dipping Jig Example): 

Three buckets, each as shown in l=ig. 3. were made of respective rolled strips 11 of 3 mm in thick and 
IS respective wire materials 12 of 2 mm in diameter formed of respective three alloys the same in composition 
as the respective dipi^ng jigs described above. The three buckets were dip in the aqueous solufton of 20% 
HMOa * 3% HF (^'d for ten days and,. thereafter, reductions in weight of ifie respective buckets were 
measured. As a result flie weight reduction amount of the comparafive member A was 121 g/ttfi, and the 
weight reduction amount of the comparativa member B was 53 gAn^. whereas the weight reduction amount 
20 of the instant exemplified member was 12 gAn^. 



Member Example 3 (Dipping Jig Example): 

ss An exemplified memiier was formed into a pipe of 10 mm in diameter and 1 m in length, by an alloy 
composition consisling of 44 wt% Cr, 1.5 wt% Mo, 0.02 wt% C, 0.006 wt% N and the remainder Ni. As 
comparative members, two pipe members each the same in size as the exemplified memlier were made of 
respective comparative alk>ys A and B the same in composition as the dipping jig example. Subsequently, 
an aqueous solution of 50% P2O5 dXi' C) was recirculated through each of the three memijers at flow 

30 vek)city of 30 mAnin for 2400 hours. Theieafter. corrosion rales of the respective pipe members were 
compared urith each other in terms of a wei^ reducfion amount 

The wei^ reductkm amount of the comparalh« pipe A was 512 g/m^, and the weight reduction amount 
of the cornparaiKe pipe B was 174 gAii^, whereas the weight reduction amount of the pipe according to this 
exemplHied member was 61 gftn^. 



Member Example 4 Ppping Equipment Member Example): 

As exemplified members, a dippbig equipment member (agitating propeller) having its coniigurafion 
40 shown in Fig. 4a or 4b was made of strip iiiaiBrial 8 or 10 and pipe maferiai 7 or 9 each having an alloy 
compositton consisting of 44 wt% Cr. 1.2 wt% Mo. 0.5 wt% W. 0j0O7 wt% C. 0X06 wt% N and the 

remainder Ni. Comparative members A aid B were prepared each of vrtiich was the same in composition 
as the aforesakl dipping jig example and each of whfch was the same in size and configuration as the 
exemplified member. These two comparative members and ttie exempfified member were rotated within an 
45 aqua regia (25% HCI + 20% HNO3) (60* C) at 120 revolutksns per minute. Consumptive amounts of the 
respective members were compared witfi each other. As a result the consumptive amount of the 
comparative member A was 14 g/iri^, and the consumptive amount of the comparative member B was 3.8 
g/m^, while the consumi^ive amount of the instant exemplified member was 0.02 g/m? even after an elapse 
of 240 hours. 

so 

Member Baanple 5 (Bedrode Member Btample): 

As an exempRSed member, a dad member was made, by a usual method, of an ordinary steel plate 2 
ss or 4 and an alloy plate 1 or 3 having its alloy compositkm ooiKisting of 44 wt% Cr. 0.8 wt% Mo. 0.0O5 wt% 
C. 0.004 wl% N and the remainder Ni Subsequently, the dad member was fonned into an electrode 
member fOr an electrolytic i>alh as shown in Fig. 5a or 5b. f=br comparison, dad members each made of 
conventional steel plate and st^nless steel plate made of SUS304 in accordance vnth JIS were formed 
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respectively into comparative electnxle memt)ers each having the same size as the instant exemplified 
member. 

The steel plate sections of the respective exemplified member and comparative memtier were property 
sealed. Subsequently, these two memtiers were used respecSvely a% cathodes, and a stainless steel was 

5 employed as an anode. Bectrdytic polishing was carried out by the use of an electrolytic sokiton of 30% 
HNOa + 2% HQ (50* C) at cun-ent density of 20 AJrr?. The cathodes were compared in consumptive 
amount with each other. As a result, the consumptive amount of the comparative electrode member was 1 .3 
mm after the use for 24 hours, whereas the consumpb've amount of the electrode member according to the 
instant exempfified member was 0.1 mm after the use for 24 hours. 

10 As described above, it Is possible for the aBoy accordng to the invention to extremely easily form 
requisite various kinds of members for which corrosion resistance is required, without sufcotantial anxiety of 
restriction in woricabilrty. In parficular, the alloy according to the invention is excellent as a memt)er 
accompanied with plastic woridng such as rolling, wire stretching, drawing or the like. The altoy according to 
tie invention is effective in use for a dipping equpment represented by a cfipping tiath. a dipping jig such 

75 as a txicket. an agitating member or the like within the dipping bath, and a pipe, a valve, a pump 
component or the like, as well as an electrode member emptoyed in corrosion atmospheie. 
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Claims 

5 

1. A corrosion resisting Ni-base alloy containing 38 to SO wt% Cr. 0.1 to 2 wt% of at least one of Mo 
andW. 0to2wt%Cu, 0to3 wt% Zr. 0 to 3 wt% Nb. 0 to 3 wt% Ta. 0 to 3 wt% Hf, 0 to 0.01 wt% Ca. 0 to 
0.01 wt% of Y and/or other rare-earth elements. 0 to OJOS wt% C. and 0 to 0.04 wt% N. 

2. A corrosion resisting Ni-base alloy according to dam 1, wheran Cr is 43 to 47 wt% and lias a 
10 metaillc structure in which an alpha phase of a Cr solid solution is at equal to or less than 10%. 

3. A corrosion resisting Ni4}ase alloy according to daim 1 or 2, containing 0 to 0.01 wt% C and 0 to 
0.01 vrt% N. 

4. A conosion resisting Ni-base alloy according to daim 1, wherein Cr is 43 to 47 wt% and has a 
metalfic structure In which an a^Tha phase of a Cr solid solutfon i$ at equal to or less than 10%. a^ 

IS the Ni-base alloy contsdns 0 to Oi)1 wt% C and 0 to 0.01 wt% N. 

5. A corrosion resisting NMloy according to claim 4. wherein 2r is 0 to 0.01 wt%. Nb is 0 to 0.01 wt%. 
Ta is 0 to 0.01 wt% and Hf is 0 to 0.01 wt%. 

6. A member fbr a dipping equipment represented by a dipping bath, a dipping jig such as a bucket, an 
agitating instrument, eto. within the dipping bath, a pipe, a valve, a pump component etc.. wherein said 

ao member is formed of the alloy according to claim 1. 2. 3, 4 or 5. 

7. An electrode member consisfing of the alloy according to daim 1, 2. 3, 4 or 5. 

& Use of the com>sion resisting Ni-base alloys of cl^m 1. 2. 3. 4 or 's for the preparation of dipping 
equipments or electrode members. 
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